Abstract. Since the computation ability of computer improves dramatically, a lot of new meta-heuristic methods arise. All those algorithms are originated from some mechanisms in nature, and are similar in structure and widely used to solve global optimization problems. However, evolutionary algorithm, such as BBO, is lack of strict theory foundation and hard to be analyzed in theory, because it comes from heuristic idea and has complicated random behavior. Therefore, In this paper, we propose a B with probability one.
Introduction
Since 1960s, a lot of researchers are interested in evolutionary computation with the development of computer technology. Some famous algorithms are proposed, such as Genetic Algorithm, Evolutionary Programming, and Evolutionary Strategy. Since the computation ability of computer improves dramatically, a lot of new meta-heuristic methods arise, such as Ant Colony Optimization (ACO) [1] , Particle swarm Optimization (PSO) [2] , Differential Evolution (DE) [3] , Grey Wolf Optimization (GWO) [4] , Biogeography Based Optimization (BBO) [5] , Hybrid Grey Wolf Optimization (HGWO) [6] ,et al. All those algorithms are originated from some mechanisms in nature, and are similar in structure. We call such algorithms as evolutionary algorithms. In general, evolutionary algorithms are random and heuristic optimization methods, which are widely used to solve global optimization problems. As we use evolutionary algorithms to solve optimization problems, it is easy to add some heuristic ideas. Therefore, evolutionary algorithms demonstrate excellent performance in a lot of fields such as data mining, engineering optimization an industry design.
However, evolutionary algorithm, such as BBO, is lack of strict theory foundation and hard to be analyzed in theory [7] , because it comes from heuristic idea and has complicated random behavior. When we use BBO to solve optimization problems, there are short of theoretical guarantee. Therefore, In this paper, we propose a 
Basic of BBO
Research work about biogeography could be traced to nineteen century, when Alfred Wallance [8] and Charles Darwin [9] started their research. In 1960s, Robert MacArthur and Edward Wilson obtained breakthrough and they published their achievement and created mathematical model of biogeography. In 2008, Dan Simon [5] proposed a new optimization method based on biogeography called BBO, which are widely applied in Engineering Optimization [10] [11] [12] [13] [14] .
The mathematical model of biogeography demonstrates the process that species migrate from one island to another. Islands or habitats that are well suited for species obtain high Habitat Suitability Index (HSI). Furthermore, the number of the population states is
Theoretical Analysis of BBO
If the population is an unordered and repeatable set, the state space of the Markov chain could be mapped to the population space 
(1) In BBO algorithm, there are several operations such as migration and mutation operation. Markov chain model should be created for the respective operation.
Suppose a solution space T is d bits binary system, we get the size of T is m 2
,a solution i x ,there is a population P with PopSize individuals. We define a vector 1 2 ( , ,..., ,..., )
, and i w indicates the number of i x in the population P.
We can obtain the relationship between w and PopSize as follows: Proposition 1 An arbitrary population in BBO is made up of PopSize individuals which select from the search space Suppose equation (21) 
, we obtain
The above equation could be rewritten as
Lemma 2
The optimal value in a series of generations in BBO algorithm is non-increasing, i.e.,
( ( 1)) ( ( )) S t S t + ≤ X X (7) Proof. During the update of every generation in BBO algorithm, the best individual best x in t-th generation is stored and used to replace the worst individual in (t+1)-th generation. Therefore, there is always the best individual in the (t+1)-th generation, which belongs to the t-th generation. 
Conclusion
Evolutionary algorithm, such as BBO, is lack of strict theory foundation and hard to be analyzed in theory due to the complicated random behavior. Therefore, we propose a Markov chain model of BBO to analyze the relationship between individual vector and PopSize , and prove that a Markov population series in BBO is an absorbing Markov chain. Convergence analysis of BBO is obtained, which is the Markov population series in BBO converge to objective subspace * 0 B .
